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BREASTAID
Clinical Results From Early Development of a Clinical Decision Rule for

Palpable Solid Breast Masses
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Objective: To develop a clinical decision rule (entitled BREAST-
AID) that will predict the probability of malignancy in women with
palpable solid breast masses.
Summary Background Data: Currently, 80% of open breast biop-
sies are benign, resulting in excessive economic, psychologic, and
physical morbidity.
Methods: A total of 452 solid breast masses were evaluated in a
surgical breast clinic between November 1994 and February 1998.
Breast cancer status was defined histologically as ductal carcinoma
in situ or invasive cancer. Noncancer status included benign histol-
ogy, mass resolution, or stability at 12-month follow-up. Data were
collected on risk factors, clinical breast examination, mammogra-
phy, and cytology results. Three multiple logistic regression models
were used to generate the probability of cancer at 3 logical steps in
the workup; Bayes’ theorem was applied in a stepwise fashion to
generate a final probability of cancer.
Results: A model incorporating only clinical breast examination and
mammography resulted in an excessive number of either missed
cases or biopsies compared with one that included cytology. Using
a cut-point of 4%, this latter BREASTAID model had 97.6%
sensitivity and 85.1% specificity. Compared with triple diagnosis,
BREASTAID would have reduced the open biopsy rate from 39.8%
(180 of 452) to 22.3% (101 of 452), improving the diagnostic yield
from 22.7% to 40.6%.

Conclusions: This study convincingly demonstrates that at mini-
mum, clinical, radiologic, and cytologic evaluations are required to
accurately evaluate a solid breast mass. BREASTAID has the
potential to minimize the number of open biopsies performed while
allowing safe triage to follow-up. Before widespread application,
further validation studies are required.

(Ann Surg 2003;238: 728–737)

In 1970, breast cancer presented as a palpable mass in 90%
of patients.1 Recent reports demonstrate that the majority

(55%-68%) of breast cancer cases continue to present with
palpable masses, despite the widespread use of screening
mammography.2,3 While the approach to a solid palpable
breast mass is often open surgical biopsy, the malignant/
benign breast biopsy ratio in the United States averages only
about 1:4, or 20%.2,4 Use of this figure and the annual
incidence of breast cancer predicts that more than 1 million
breast biopsies will be performed in 2002. Using an average
reimbursement for open breast biopsy of $2400,5 the financial
cost to the healthcare system in 2002 will be more than $2.4
billion. While many physicians consider open biopsy a minor
procedure with few consequences, women pay a significant
emotional toll, not only because of the anxiety of the proce-
dure itself but also because of the delay between the clinical
evaluation, the operation, and the pathology result. Some
women also experience disfigurement as a consequence of the
procedure, and subsequent breast cancer screening interpre-
tation can be more difficult because of tissue scarring. Com-
peting with these issues is the acknowledged difficulty of
ruling out breast cancer short of open biopsy. In addition,
delay in the diagnosis of breast cancer is the most common
reason for malpractice litigation in the United States.6 This
reality provides strong incentives for surgeons to continue to
perform the procedure, despite its low malignant/benign ratio
and associated morbidities.

Triple diagnosis has been used to decrease the open
biopsy rate for solid breast masses, a technique that combines
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the results of clinical impression, mammography, and fine
needle aspiration biopsy (FNAB). When all three results are
concordant for benign disease, follow-up rather than biopsy is
advised.7,8 However, triple diagnosis has several limitations.
First, the ill-defined interpretive criterion associated with the
clinical impression limits its application to experienced ex-
aminers. Triple diagnosis often ignores hypocellular FNAB
results, rendering the test useless in up to 20% to 30% of
cases.9 Reporting only positive or negative outcomes for the
test results in loss of information, since all three components
use multiple categories in their interpretation. Triple diagno-
sis assumes independence of the tests comprising it, but this
has not been tested. Finally, the pretest likelihood of disease
(as evaluated by risk factor data), is not formally assessed.

Development of a clinical decision rule (CDR) that
could overcome the limitations of triple diagnosis has the
potential to significantly impact the healthcare of women. A
CDR quantifies the contributions that various components of
the history, physical examination, and basic laboratory results
make toward the diagnosis.10–12 The purposes of this study
are threefold: 1) to develop a CDR that will accurately predict
the probability of malignancy in women with palpable solid
breast masses; 2) to develop a CDR that is practical enough
to be used by a general surgeon or primary care clinician; and
3) to compare the CDR to our current method of practice,
which employs triple diagnosis. Termed BREASTAID
(Breast Risk Evaluation And Scoring System To Aid In the
Diagnosis of Mammary Masses), this article reports on these
goals and the clinical results of the first stages of CDR
development.

METHODS
Setting. The study was conducted at the Comprehensive
Breast Health Clinic (CBHC) at Michigan State University, a
single-site referral center for both physician and self-referred
patients attended by 5 surgeons and 1 nurse practitioner. Of
the new patients, approximately 85% of the patients are
physician-referred and 15% are self-referred. Approximately
35% of the clinic population consists of follow-up high-risk
patients and patients with a previous history of breast cancer,
and 65% of newly referred women with active problems. The
majority of the clinic population is drawn from a 30-mile
radius around Lansing, Michigan. The study was performed
with the informed consent of the patients and followed the
ethical standards of the Institutional Review Board at Mich-
igan State University. It was approved by the Institutional
Review Board prior to its onset and renewed at appropriate
intervals.
Selection of study population. Women with palpable solid
breast masses who had a fine needle aspiration biopsy per-
formed between November 1994 and February 1998 and a
mammographic evaluation of the mass within 6 months of

initial presentation were eligible for the study. Eligibility also
required open biopsy, follow-up for a minimum of 12
months, or disappearance of the mass during the follow-up
period.
Routine management of study population. The breast masses
used in the development of BREASTAID were managed in
the CBHC using the routine clinical protocol of triple diag-
nosis. Open biopsy was recommended for any triple diagno-
sis result that was other than benign.
Predictor variables. We collected two different sets of pre-
dictor variables, epidemiological and clinical. These were
collected prospectively and in a blinded fashion, prior to
determination of cancer status. The epidemiological predictor
variables were collected using a standardized questionnaire
completed by each patient at the time of the initial evaluation
and updated at each subsequent visit. Clinical predictor vari-
ables were collected using a standardized form that was
completed at every visit by the examiner.

Epidemiologic predictor variables included age, height,
weight, personal history of breast cancer, reproductive factors
(age at menarche, parity, age at first delivery, number of
deliveries, menopausal status, age at menopause); exogenous
hormone use (oral contraceptives, estrogen alone or estrogen
and progesterone replacement therapy, including duration of
use); family history of breast cancer (first- and second-degree
relatives, including age and unilateral or bilateral involve-
ment); history of early-life radiation exposure; and tobacco
and alcohol exposure, including duration and frequency.
Menopausal status was assigned according to the previously
developed criteria of Colditz and Frazier.13 The 11 patients
who did not know their family history were assigned to the
negative family history category. Clinical predictor variables
included characteristics of the breast mass on clinical breast
examination (CBE), mammography results, and FNAB re-
sults (consistency and cytology). Standard clinical definitions
were used to describe mass characteristics on CBE according
to size, shape, external texture, and mobility.14,15 Twelve
masses were described as subtle thickenings on CBE. These
lesions represented two-dimensional thickenings without eas-
ily definable borders and did not have a mass size recorded.
To include them in the analysis, they were assigned the
average mass size for the total study population (1.6 cm).
Mammography results in this study refer to the radiographic
results at the same location as the palpable lesion in question.
Results were recorded by the surgeons at the same time as
mass evaluation using the BI-RADS lexicon system of the
American College of Radiology.16 The timing of mammo-
grams in relation to FNAB followed published guide-
lines.17,18 FNAB was performed using a modification of the
technique originally introduced by Martin and Ellis in 1930.19

Internal consistency during FNAB was classified according to
the degree of hardness (soft, rubbery, or hard) and the
presence or absence of a gritty texture during the procedure
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using descriptions previously published.20,21 Fine needle as-
piration cytology was classified according to the 1996 con-
sensus conference guidelines from the National Institutes of
Health,22 with the exception that an additional category of
mild atypia was added. Thus, cytology results were classified
as hypocellular, benign epithelial cells, mild atypia, moder-
ate-severe atypia, suspicious for malignancy, and overtly
malignant.
Outcome variable. The outcome variable was defined as
histologic confirmation of breast cancer (defined as ductal
carcinoma in situ, invasive ductal carcinoma, or invasive
lobular carcinoma) at open biopsy. Noncancer status was
defined in 1 of 3 ways: 1) benign disease histologically, 2)
resolution of the mass within 12 months of presentation, or 3)
stability of the mass on CBE after a minimum of 12-month
follow-up. All patients who did not undergo immediate bi-
opsy were seen in follow-up at 3-month intervals unless they
were initially evaluated during a suboptimal hormonal envi-
ronment. These patients had a 6-week evaluation following

the initial visit and then were followed at 3-month intervals.
Masses that persisted despite a decreased hormonal milieu,
that increased in size, or whose consistency became more
pronounced on follow-up underwent open biopsy at that time.

Data Analysis
Model development. Details of model development are pro-
vided in a separate publication (Reeves MJ, Osuch, JR,
Pathak DR. Development of a clinical decision rule for triage
of women with palpable breast masses. J Clin Epidemiol.
2003;56:635–645). Briefly, a three-step approach was used to
model the probability of breast cancer in a way as similar as
possible to the typical workup that a clinician uses in evalu-
ating a breast mass. Three independent multivariable logistic
regression models were generated, with the outcome of in-
terest being the probability of breast cancer from each model.
Model A assessed the epidemiological variables, model B
assessed the combination of CBE and mammography results,
and model C assessed the results of FNAB. Variables that

FIGURE 1. Schema for the development of BREASTAID: the sequential application of Bayes’ theorem.
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achieved statistical significance at the P � 0.05 level were
retained in the final models. Odds ratios and 95% confidence
intervals were calculated to assess the magnitude of the
association between each predictor variable and the outcome
(breast cancer). Bayes’ theorem was then applied in a sequen-
tial fashion to the three models to arrive at a final probability
of disease, as has been described previously.23,24

For purposes of clarity, the generation of the three
models, followed by the application of Bayes’ theorem to
revise disease probabilities, was referred to as a “stage” in
CDR development. Thus, stage I was used to establish the
pretest likelihood of cancer based on the epidemiological
variables alone. Stage II (typical of most primary care and
some surgical practices) assessed the contributions of CBE
and mammography results to the history. Stage III (typical of
some primary care and many surgical practices) assessed the
additional contribution of FNAB results to the history and the
clinical data collected as part of stages I and II. A summary
of the steps used in BREASTAID development is shown in
Figure 1. Specifically, model A assessed the epidemiologic
predictor variables gathered at the initial interview. The
output of this model was used to set an initial pretest prob-
ability of breast cancer (stage I), which was then converted to
pretest odds in stage II. Model B assessed the contributions of
the CBE and mammography results, and the results of this
model were then combined with the pretest odds of breast
cancer (from model A), using Bayes’ theorem, to generate a
post-test probability of breast cancer (stage II BREASTAID;
Fig. 1). Model C assessed the FNAB contributions to the
diagnosis of breast cancer. The output from model C was
combined with the pretest odds of cancer derived from stage
II to generate a final post-test probability of breast cancer
(stage III BREASTAID; Fig. 1).

Performance Evaluation
The test performance of stages II and III was evaluated

separately and compared by measurement of test character-
istics (ie, sensitivity and specificity and receiver operating
characteristic [ROC] curve analysis). First, 2 � 2 tables were
constructed for multiple cut-points for the posttest probabil-
ities of both stage II and stage III BREASTAID. Sensitivity,
specificity, positive predictive value, and negative predictive
value were calculated for each cut-point. A cut-point defines
a range of “positive” test results and a 2 � 2 table evaluates
the number of breast cancer cases diagnosed at the chosen
cut-point and compares it to the number of benign cases
diagnosed under the same conditions. Formulas and the
definitions of each test characteristic along with an example
of a 2 � 2 table are shown in Figure 2. Keeping in mind that
sensitivity and specificity are inversely related, an optimal
cut-point for a disease such as breast cancer, in which one
would choose a very high rate of true positive results, would
maximize sensitivity at the expense of specificity (the true

negative rate). The best cut-point for BREASTAID was
defined as the one that would achieve a clinically acceptable
sensitivity of at least 95%, while optimizing specificity to
avoid large numbers of biopsies among women with benign
lesions.

Second, ROC curve analysis was performed using
available software.25 A ROC curve is a graphic representation
of test results, with sensitivity (true positive rate) plotted on
the “y” axis and 1–specificity (false positive rate) plotted on
the “x” axis. A ROC curve depicts the inherent tradeoff
between sensitivity and specificity as cut-points for a “posi-
tive” test are changed. The area under the curve (AUROC)
represents the overall accuracy of the test and ranges between
0 and 1.0, with an area of 0.5 representing test accuracy no
better than chance alone.26 A ROC plot can also be used
visually and quantitatively to assess the various cut-points
that best predict outcome. Curves whose plateau is located
in the farthest “northwest” corner of the graph have the greatest
discrimination ability. In this study, AUROC was used to com-
pare the performance of stage II and stage III BREASTAID.

RESULTS
Population Studied. Of 443 women identified as potentially
eligible for the study, 36 (8%) were excluded because a

FIGURE 2. Definition of test characteristics used in BREASTAID
and an example of a 2 � 2 table.
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mammogram was not performed within 6 months of presen-
tation and 27 (6%) were excluded because the medical record
could not be located after three attempts. This resulted in 380
eligible women for the study, in whom 452 individual lesions
were evaluated. The average age of the total study population
was 47.7 years, and 64.2% (N � 244) were younger than 50
years. Forty-one women (9.1%) were diagnosed with breast
cancer; their average age was 54.3 years compared with 46.9
for the noncancer cases. Eighteen (43.9%) of the 41 cancer
patients diagnosed with malignancy were younger than 50
years, and 3 (7.3%) were younger than 40 years.
Routine management and biopsy results on the studied
population. Results of the clinical disposition for the 452
lesions are summarized in Figure 3. Using triple diagnosis to
triage patients, open biopsy was performed in 180 (39.8%) of
the 452 lesions and follow-up without subsequent biopsy in
the remaining 272 (61.2%). Of the 180 masses that were
biopsied, 41 or 22.8% were malignant, resulting in a malig-
nant/benign biopsy ratio of 1:3.4. Of the 272 masses that were
followed, 263 disappeared on follow-up. Only 9 masses
persisted without change after 12 months of follow-up; these
continued to be followed according to routine protocol. A
surgical decision for an open procedure was made on the
basis of triple diagnosis in 108 cases at initial presentation
and included 38 of the total 41 malignancies (92.7%). Open
biopsy was done in 53 additional cases within 3 months of
initial presentation, and 3 of these masses were malignant. A
surgical decision recommending biopsy was made at the
6-week follow-up visit for each of these 3 malignancies, all of
whom had subtle CBE results. One of the patients was
premenopausal and at a suboptimal phase of her menstrual
cycle at initial evaluation, and the other 2 were taking
hormone replacement therapy, which was discontinued at the
initial visit. Six-week reevaluation of these 3 cases noted
persistence of subtle CBE findings and biopsy was recom-
mended. Nineteen additional lesions had recommendations
for biopsy between 3 and 6 months of initial presentation. All
of these were benign. The histopathological results for the
180 open biopsies were as follows: invasive ductal carci-
noma, n � 30 (16.7%); invasive lobular carcinoma, n � 6,
(3.3%); ductal carcinoma in situ, n � 5; (2.8%); lobular
carcinoma in situ, n � 2 (1.1%); atypical epithelial hyper-
plasia, n � 9 (5.0%); fibrocystic change, n � 90 (50.0%);
fibroadenoma, n � 25 (13.9%); fat necrosis, n � 4 (2.2%);
lipoma, n � 3 (1.7%); and miscellaneous benign lesions, n �
6; (3.3%).

Test Performance Characteristics of
BREASTAID
Stage II. Table 1 represents a classification table demonstrat-
ing the test characteristics for various cut-points for stage II
BREASTAID. The best posttest probability cut-point for
maximizing sensitivity and specificity, while minimizing the

number of biopsies needed, was 2%. Using a 2% cut-point,
stage II BREASTAID had a sensitivity of 97.6% and a
specificity of 49.9%. The positive predictive value and neg-
ative predictive value for the population were 16.3% and
99.5%, respectively. Application of stage II BREASTAID
using a cut-point of 2% would have required 246 biopsies,
whereas the usual method of diagnosis in the CBHC resulted
in fewer biopsies (180) in the same population. Using stage II
BREASTAID would have resulted in a malignant/benign
biopsy ratio of 1:5.2. The error rate (ie, 1–negative predictive
value) among negative results (the 206 masses triaged into
follow-up) for stage II BREASTAID would have been 0.49%
(1 of 206). The false negative rate (ie, 1–sensitivity) among
cancer cases would have been 2.4% (1 of 41 missed malig-
nancies at the first visit). Use of a higher cut-point to decrease
the number of breast biopsies would have resulted in an
unacceptable number of missed cancers (Table 1). Figure 4
illustrates the ROC curves for stages II and III of BREAST-
AID. The AUROC for stage II in Figure 4 was 0.93 (95%
confidence interval � 0.87–0.97).
Stage III. Table 2 represents a classification table demonstrat-
ing the test characteristics for various cut-points for stage III
BREASTAID (that includes FNAB data). The best posttest
probability cut-point for maximizing sensitivity and specific-
ity, while minimizing the number of biopsies needed, was
4%. Using a 4% cut-point, stage III BREASTAID had a
similar sensitivity of 97.6% compared with stage II, but a
much higher specificity of 85.2%. The positive predictive
value for the population using stage III BREASTAID was
39.6% and the negative predictive value was 99.7%. Appli-

FIGURE 3. Clinical disposition of 452 solid breast masses.
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cation of stage III BREASTAID to the study population using
this cut-point would have required only 101 biopsies, as
compared with 180 biopsies using triple diagnosis, and 246
using stage II. Using stage III BREASTAID would have
improved the malignant/benign biopsy ratio from 1:3.4
(22.7%) using triple diagnosis to 1:1.5 (40%). The error rate
(ie, 1–negative predictive value) among negative results (the
351 masses triaged into follow-up) for BREASTAID stage III
would have been 0.28% (1 of 351). The false negative rate
(ie, 1–sensitivity) among cancer cases would have been the
same as for stage II, 2.4% (1 of 41 missed malignancies at the
first visit). Figure 4 demonstrates that the ROC curve for
stage III BREASTAID was better than that for stage II. It is
closer to the northwest corner of the graph and has a higher
AUROC of 0.97 (95% confidence interval � 0.92–0.99).

DISCUSSION
Stage III BREASTAID (herein referred to simply as

“BREASTAID”) is a unique prediction model for breast
cancer in women with palpable solid breast masses that has
the potential to reduce the number of diagnostic open biop-

sies. It must be cautioned, however, that BREASTAID is still
in research stages and should not be applied clinically until all
of the methodological standards for a CDR have been met.12

Most notably, multi-institutional prospective validation will
be necessary to test the generalizability of the method in other
settings.

Data analysis from stage II BREASTAID, which does
not use FNAB results, convincingly demonstrates that eval-
uation of a solid breast mass requires, at minimum, cytologic
evaluation in addition to clinical and radiographic assess-
ment. This has important implications to the practice of
medicine. Although FNAB is not an especially difficult
procedure to perform technically, it has a number of inter-
pretive pitfalls both cytologically and clinically.21 Clinicians
who routinely perform FNAB in settings where cytologic
expertise is available are those most likely to be comfortable
with the application of BREASTAID. If future studies dem-
onstrate BREASTAID to be accurate in different practice
settings, those who do not routinely perform FNAB in their
clinical practices but who wish to apply BREASTAID will
not only need to learn the technique of FNAB and its pitfalls,

TABLE 1. Test Characteristics for Stage II BREASTAID for Various Cut-points by Final Probability of Cancer (Based on 452
Masses)

>% Final
Probability

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

No. of
Biopsies
Needed

%
Masses

Biopsied

Malignant/
Benign
Ratio

No. of
Cancers
(total 41)
Missed

%
Missed
Cancers

95 39.0 100 100 94.3 16 3.5 1:0 25 61.0
90 41.5 100 100 94.5 17 3.8 1:0 24 58.5
80 41.5 100 100 94.5 17 3.8 1:0 24 58.5
70 41.5 99.8 94.4 94.5 18 4.0 1:0.06 24 58.5
60 46.3 99.5 90.5 94.9 21 4.6 1:0.1 22 53.7
50 46.3 99.5 90.5 94.9 21 4.6 1:0.1 22 53.7
40 61.0 98.5 80.6 96.2 31 6.9 1:0.2 16 39.0
30 63.4 98.3 78.8 96.4 33 7.3 1:0.3 15 36.6
20 80.5 92.0 50.0 97.9 66 14.6 1:1.0 8 19.5
10 85.4 86.1 38.0 98.3 92 20.4 1:1.6 6 14.6
5 87.8 77.1 27.7 98.4 130 28.8 1:2.6 5 12.2
4 90.2 69.8 23.0 98.6 161 35.6 1:3.4 4 9.8
3 92.7 62.8 19.9 98.8 191 42.3 1:4.0 3 7.3
2* 97.6 49.9 16.3 99.5 246 54.4 1:5.2 1 2.4
1 97.6 41.6 14.3 99.4 280 62.0 1:6.0 1 2.4
0.5 100 20.9 11.2 100 366 81.0 1:7.9 0 0
0.4 100 19.2 11.0 100 373 82.5 1:8.1 0 0
0.3 100 13.1 10.3 100 398 88.0 1:8.7 0 0
0.2 100 5.8 9.6 100 428 94.7 1:9.4 0 0
0.1 100 5.1 9.5 100 431 95.4 1:9.5 0 0

PPV, positive predictive value; NPV, negative predictive value.
*Optimal cut-point for maximizing sensitivity followed by specificity.
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FIGURE 4. Receiver operator characteristic (ROC) curves for Stage II BREASTAID (dotted line) and Stage III BREASTAID (solid line).

TABLE 2. Test Characteristics for Stage III BREASTAID for Various Cut-points by Final Probability of Cancer (Based on 452
Masses)

>% Final
Probability

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

No. of
Biopsies
Needed

% Masses
Biopsied

Malignant/
Benign Ratio

No. of Cancers
(total 41) Missed

% Missed
Cancers

95 51.2 99.8 95.4 95.4 22 4.9 1:0.05 20 48.8
90 53.7 99.8 95.7 95.6 23 5.1 1:0.05 19 46.3
80 58.5 99.8 96.0 96.0 25 5.5 1:0.04 17 41.5
70 65.8 99.5 93.1 96.7 29 6.4 1:0.1 14 34.2
60 68.3 99.0 87.5 96.9 32 7.1 1:0.1 13 31.7
50 68.3 99.0 87.5 96.9 32 7.1 1:0.1 13 31.7
40 73.2 98.3 81.1 97.4 37 8.2 1:0.2 11 26.8
30 82.9 97.6 77.3 98.3 44 9.7 1:0.3 7 17.1
20 85.4 96.8 72.9 98.5 48 10.6 1:0.4 6 14.6
10 92.7 93.2 57.6 99.2 66 14.6 1:0.7 3 7.3
5 95.1 87.4 42.9 99.5 91 20.1 1:1.3 2 4.9
4* 97.6 85.2 39.6 99.7 101 22.4 1:1.5 1 2.4
3 97.6 82.5 35.7 99.7 112 24.8 1:1.8 1 2.4
2 97.6 76.9 29.6 99.7 135 29.9 1:2.4 1 2.4
1 97.6 67.4 23.0 99.6 174 38.5 1:3.4 1 2.4
0.5 97.6 49.2 16.1 99.5 249 55.1 1:5.2 1 2.4
0.4 97.6 43.1 14.6 99.4 274 60.6 1:5.8 1 2.4
0.3 97.6 36.5 13.3 99.3 301 66.6 1:6.5 1 2.4
0.2 97.5 29.7 12.2 99.2 329 72.8 1:7.2 1 2.4
0.1 100 16.1 10.6 100 386 85.4 1:8.4 0 0

PPV, positive predictive value; NPV, negative predictive value.
*Optimal cut-point for maximizing sensitivity followed by specificity.
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but will also need to ensure that their patient volume can
support sustained expertise. In addition, variability in cyto-
logic expertise in the general pathology community22 neces-
sitates that those using the procedure have confidence in the
cytopathologic results provided to them.

The derivation of BREASTAID uses a multistep ap-
proach employing multiple regression analysis in the appli-
cation of Bayes’ theorem. Quantification of the results of
triple diagnosis using a less complicated scoring system triple
test score (TTS) has also been done, where the total score is
used to determine which patients need open biopsy. While
TTS performs very well for the authors who originated it,
concern has been raised about the applicability of this method
in less specialized settings,27,28 especially because the “clin-
ical impression” component of triple diagnosis, which re-
quires considerable expertise to be accurately applied, re-
mains undefined. In contrast, BREASTAID has defined the
clinical examination results and simultaneously incorporates
all of the fundamental principles of triple diagnosis. More-
over, it adds to triple diagnosis by incorporating pertinent risk
factor information and internal consistency characteristics on
FNAB into the interpretation of the test results.

There are potentially negative clinical consequences in
following a solid breast mass, rather than subjecting it to
immediate biopsy. While most lesions will be benign using
either BREASTAID or triple diagnosis, the false negative
rate for lesions that are followed will never be zero, and some
may argue that every solid breast mass requires open surgical
biopsy to avoid diagnostic delay. However, many authors

who use triple diagnosis suggest that not every breast
mass needs an open biopsy, but that nonbiopsied lesions need
follow-up.9,27,29,30 Unfortunately, the interval between fol-
low-up visits and the duration of follow-up necessary are not
clearly defined in the surgical literature. Since medicolegal
consequences of a diagnostic delay are dependent on the biology
of the primary tumor as well as the length of delay,31 a 3-month
follow-up schedule as suggested in this paper would minimize
the risk for both the patient and the physician. In this study, the
false negative rate at initial presentation was 7.3% (3 of 41) for
triple diagnosis, and 2.4% (1 of 41) for BREASTAID, which
seems well within acceptable limits, especially since the cancers
missed at initial presentation were all diagnosed at 6-week
follow-up, based on persistence of CBE findings despite a
decreased hormonal milieu. Using the data from this paper, the
authors suggest that a false negative rate following a 6-month
visit should be as close to zero as possible and certainly �1%.
However, the definition of an acceptable false negative rate is
likely to vary among physicians as well as patients and needs to
be studied using clinical decision analysis. We are planning such
a study in the context of determining the risk/benefit ratio of
BREASTAID.

The economic impact of follow-up on a 3-month sched-
ule rather than open biopsy can be estimated from this study,
in which 263 of 272 unbiopsied breast masses disappeared
within 12 months of clinical follow-up (Fig. 3). A clinical
examination of the breast is all that is required on follow-up
examination. Reimbursement for three follow-up visits after

TABLE 3. Results of Indeterminate or Less Findings on Mammography and FNAB in 12 Cases of Breast Cancer: Comparison
With Final Probability of Cancer Predicted by BREASTAID

Age
(yr)

Menopausal
Status

Maternal
History of

Breast
Cancer

Lesion
Size
(cm) Mammogram

Stage II
BREASTAID

Probability
(%)

Internal
Consistency
on FNAB

Gritty on
FNAB

FNAB
Cytology

Stage III
BREASTAID

Probability
(%)

42 Pre No 1.2 Normal 0.88 Rubbery No Benign 0.17
45 Pre No 1.0 Benign 3.18* Rubbery No Many atypia 4.95†

59 Post Yes 1.0 Benign 22.40* Rubbery No Normal 5.24†

48 Pre No 2.0 Indeterminate 26.57* Rubbery No Benign 11.65†

54 Post No 1.5 Indeterminate 49.06* Rubbery No Hypocellular 12.89†

57 Post Yes 6.0 Benign 48.04* Rubbery No Normal 15.04†

45 Pre No 1.2 Indeterminate 26.57* Soft Yes Normal 33.81†

71 Post Yes 1.0 Benign 21.96* Rubbery Yes Few atypia 34.93†

45 Pre No 1.5 Indeterminate 26.57* Rubbery No Many atypia 36.46†

68 Post No 3.0 Indeterminate 68.97* Soft No Hypocellular 39.38†

71 Post Yes 1.5 Benign 27.56* Rubbery Yes Few atypia 42.06†

57 Post Yes 1.5 Benign 28.08* Hard Yes Normal 74.37†

*Probability of �2% an indication for biopsy.
†Probability of �4% an indication for biopsy.
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the initial evaluation is estimated to be about $180, compared
with $2400 for each open biopsy.

The question of whether patients with a breast mass
referred to a specialty clinic are representative of all patients
with breast masses is an important one to address. This study
documents a prevalence of breast cancer of 9.1%. Most of the
surgical literature reports much higher malignancy rates,
between 20% and 50%.9,27–30,32,33 However, most of these
studies give rates only for those patients who underwent open
biopsy. In our study, the open biopsy malignancy rate was
22.8%. Two studies exist that have reported on consecutive
patients seen in specialty clinics like ours.2,34 In these series,
malignancy rates were between 8.2% and 13.2%, similar to
our study. It therefore seems likely that the malignancy rate in
our study is representative of the population of women with
palpable solid breast masses who are referred.

One could convincingly argue that all cases of either
suspicious or malignant mammograms or FNAB cytology
results should result in open biopsy. Twelve of 41 (29.3%)
malignancies in this study had indeterminate or lower find-
ings on both mammography and FNAB. The challenge for
the surgeon in such cases is to decide which lesions assessed
to be equivocal or less by the diagnostic tests should be
biopsied. These decisions often are based on the clinical
impression component of triple diagnosis. Table 3 illustrates
that stage II and stage III BREASTAID were capable of
sorting out this dilemma in 11 of the 12 cases. As expected,
the 1 cancer missed by BREASTAID was 1 of the same 3
patients initially missed by the triple diagnosis method. The
other 2 cases missed by the triple diagnosis method were
triaged to biopsy by both versions of BREASTAID.

BREASTAID requires much more study before it can
be used in clinical practice. Goals of future research for
BREASTAID first include an internal validation study using
boot-strap analysis.10 This initial evaluation of accuracy and
misclassification will then be followed by external validation
studies, first using a new group of patients treated in the same
setting as the original patient population, and then several
groups of patients treated at a wide variety of clinics. Assess-
ing reliability of both individual clinical predictor variables
and of BREASTAID as a whole will also be required. Finally,
design of a user-friendly device for BREASTAID’s calcula-
tion and performance of an impact analysis to measure its
effectiveness will also be necessary. If the predictive ability
of BREASTAID is confirmed and the people for whom it is
designed find it useful, BREASTAID has the potential to
conserve health care dollars while simultaneously offering
both patients and physicians the assurance that clinical fol-
low-up is a safe alternative to open biopsy.
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